In this paper a unique approach to the synthesis of polycyclic ring systems is disclosed. The approach features an intermolecular Diels-Alder reaction followed by an intramolecular Diels-Alder reaction where the regiochemistry of addition is controlled by substituents on the bisdiene and bisdienophile. This methodology has been applied to the synthesis of the fluorenone ring system. Abstract: In this paper a unique approach to the synthesis of polycyclic ring systems is disclosed. The approach features an intermolecular Diels-Alder reaction followed by an intramolecular Diels-Alder reaction where the regiochemistry of addition
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R4 cloaddition (termed a "timed Diels-Alder") a tricyclic ring system is formed regiospecifically in a single reaction. In principle, a number of compounds might be formed. However, one of the diene units in the bisdiene is more reactive than the other unit. The same feature is true for the bisdienophile. Thus, the initial ring is created by cycloaddition of the more reactive diene and dienophile. The second and third rings are formed by the intramolecular cycloaddition of the less reactive diene and dienophile. At present, we have confined our study to the formation of the fluorenone ring system.
Results and Discussion
Synthesis of Reactants. The bisdienes used in this investigation were compounds 1 and 2. The preparation of 1 was ,OSiMe,R 
5
Dienones 6 and 7 were efficiently synthesized from ketone 9 by aldol condensation, dehydration, and a retrograde DielsAlder reaction. Dehydration could be most effectively ac- Diets-Alder Reactions. The optimal conditions for the polycycloaddition reaction were found to be the reaction in refluxing CCld9 to form the first cyclohexene ring followed by a sealed tube reaction at elevated temperatures to effect closure to the tricyclic system. No tricyclic product was obtained after
// k4 0 reaction at ambient temperature for 1 week. If the reactants were simply heated a t 240 OC, the yield of the desired tricyclic structure was greatly reduced owing to polymer formation. The results with dienones 6 and 7 and bisdiene 2 are illustrated below. The proposed structure of 1 la is supported by infrared
absorptions at 1720 and 1740 cm-I. Similar information (absorption a t 1735 cm-I) can be obtained from the spectra for llb. Both 
corresponding to ynones (2200, 1620 cm-l). The NMR spectra indicate the absence of enone hydrogens. After thermal cyclization, compounds 13a or 13b are obtained. The infrared spectra of both 13a and 13b lack the intense acetylenic absorption characteristic of 12a and 12b. In contrast to the behavior of enynones 3 and 4, the Diels-Alder reaction of 5 with bisdiene 2 afforded only monoaddition to yield 14. In this case
OSiMe,
14
the orientation was governed by the directing effects of the carbomethoxy group. The Diels-Alder reaction of diynone 8 with 2 presented unexpected difficulty because of the instability of the monocyclic adduct at elevated tmperatures. The optimal conditions for cyclization involved heating the reactants in warm carbon tetrachloride overnight. Adduct 15 could From the results presented above, it is clear that a delicate balance between relative reactivity and the directing effects of substituents on the bisdiene is involved for the successful cycloaddition. If one of the diene units in the bisdiene is unreactive or if an unfavorable equilibrium exists between adduct and uncyclized compound, this polycycloaddition concept cannot be used successfully. Another interesting facet of this reaction is the control of stereochemistry. In the cycloaddition between 2 and a dienone six chiral centers are created, whereas between 2 and an enynone only four chiral centers are developed. The assumptions of a concerted cycloaddition and the well-documented preference for endo addition limit the number of possible permutations which can be obtained. An analysis of stereochemistry must begin with a study of the initially formed adduct, since the stereochemistry created in the monocyclic structure might be expected to direct the development of the remaining asymmetric centers.'* The 13C NMR spectrum of 12a showed that only one isomer had been formed. In the case of adduct 12b, the NMR spectrum indicated only one singlet corresponding to the quaternary methyl group. After thermal cycloaddition to the adduct 13a or 13b, however, the I3C NMR of purified product indicated that a mixture of stereoisomers had been formed. This mixture could not be separated by column or gas chromatography. Analysis of the I3C spectra of adduct l l b also indicated that an isomeric mixture had been obtained.
In addition to the rapid formation of the fluorenone skeleton which is present in a variety of natural products such as the gibberelins14 and antharidiogen~,'~ this method is also quite useful for the preparation of substituted fluorenones for which selective synthetic methods are not presently available. We are presently evaluating the utility of this reaction for the synthesis of compounds containing the phenanthrene and anthracene skeleton.
Experimental Section
IR spectra were obtained on a Beckman IR 4250 spectrometer. N M R spectra were recorded using Varian EM-360 and A-60 spectrometers. All chemical shifts are reported in 6 relative to tetramethylsilane as an internal standard. An AEI-MS902 mass spectrometer was used for mais spectral data. UV spectra were recorded on a Cary-14 spectrometer. I3C NMR spectra were run on a Joelco FX-90Q spectrometer. The standard is Me4Si. 
Preparation of 2-(Dimethyl-erterert-butylsiloxy)-l,3,5,7-nonatetraene (2).
To a solution of a l : l LDA-HMPA complex'7 ( I 1 mmol) in 15 mL of T H F at -78 "C was added a 2 M T H F solution of 1.36 g ( I O mmol) of 3,5,7-nonatrien-2-one. The reaction mixture was stirred at -78 OC for 20 min. A 2 M T H F solution of 1.806 g (12 mmol) of tert-butyldimethylsilyl chloride was added and the reaction mixture allowed to stir at room temperature for 3 h. The reaction mixture was poured into 100 mL of hexane and washed with H2O and brine. The organic solution was dried (Na2S04), filtered, and concentrated in vacuo, yield 2.5 g (100%) of 2: N M R (CC14) 6 0.2 (s, 6 H), 1.02 (s, General Procedure for Monocycloaddition Products. A 0.5 M CC14 solution of 2 mmol of the appropriate bisdiene and 2 mmol of the appropriate bisdienophile was refluxed under nitrogen. The progress of the reaction was followed by NMR. When the reaction was judged complete, the reaction mixture was concentrated and the residue chromatographed on silica gel using hexane-ether as the solvent. (2-( 1,3-Pentadienyl)-4-tert-butyldimethylsilyloxycyclohex-3 1,2,4a,4b,7,8,8a,9a-Octahydro-7,8-dimethy1-3,9H-fluorene-3 1,2,4a,4b,7,8,8a,9a-Octahydro-7-methyl-8-phenyl-3-tert-butyldimethylsilyloxy-9H-fluoren-9-one (llb) 1 H),6.20(m,2H),7.5(m,5H);IR(film)cm-i1735,1648,  1250, 1190, 835, 780 
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Introduction
Initially, our interest in 8-methoxypsoralen (8-MOP) was sparked by the use of that compound in a novel and experimental treatment of psoriasis. In the treatment, the compound OCH, is ingested or applied topically, and after a suitable time interval the patient is irradiated with ultraviolet radiation of wavelengths longer than 300 ,nm. While the mechanism by which the photochemotherapy alleviates the symptoms is not fully understood, it is believed to involve the photoaddition of 8-MOP to epidermal DNA.
We were examining the fluorescence quenching of 8-MOP with various quenchers with the intent of using this data to help elucidate the distribution of the compound in tissue samples. One of the first quenchers we studied was H+, provided by different strong acids. The quenching followed Stern-Volmer kinetics' but, much to our surprise, we observed no new fluorescence, attributable to the conjugate acid of 8-MOP. We had reasoned by analogy to the related compounds, the 7-amino-
